Page  1  of 2 


AFRL-AFOSR-VA-TR-20 16-0249 


Optical  diagnostics  for  flow  control  on  small  wings 


GEOFF  SPEDDING 

UNIVERSITY  OF  SOUTHERN  CALIFORNIA  LOS  ANGELES 
UNIVERSITY  GARDENS  STE  203 
LOS  ANGELES,  CA  90089-0001 


07/13/2016 
Final  Report 


DISTRIBUTION  A:  Distribution  approved  for  public  release. 


Air  Force  Research  Laboratory 
AF  Office  Of  Scientific  Research  (AF0SR)/RTA1 


https://livelink.ebs.afrl.af.mil/livelink/llisapi.dll 


7/14/2016 


Page  2  of  2 


Arlington,  Virginia  22203 
Air  Force  Materiel  Command 


DISTRIBUTION  A:  Distribution  approved  for  public  release. 


https://livelink.ebs.afrl.af.mil/livelink/llisapi.dll 


7/14/2016 


REPORT  DOCUMENTATION  PAGE 


Form  Approved 
OMB  No.  0704-0188 


The  public  reporting  burden  for  this  collection  of  information  is  estimated  to  average  1  hour  per  response,  including  the  time  for  reviewing  instructions,  searching  existing  data  sources,  gathering  and 
maintaining  the  data  needed,  and  completing  and  reviewing  the  collection  of  information.  Send  comments  regarding  this  burden  estimate  or  any  other  aspect  of  this  collection  of  information,  including 
suggestions  for  reducing  the  burden,  to  the  Department  of  Defense,  Executive  Service  Directorate  (0704-0188).  Respondents  should  be  aware  that  notwithstanding  any  other  provision  of  law,  no 
person  shall  be  subject  to  any  penalty  for  failing  to  comply  with  a  collection  of  information  if  it  does  not  display  a  currently  valid  OMB  control  number. 

PLEASE  DO  NOT  RETURN  YOUR  FORM  TO  THE  ABOVE  ORGANIZATION. 


1.  REPORT  DATE  (DD-MM-YYYY)  2.  REPORT  TYPE 

06-30-2016 


4.  TITLE  AND  SUBTITLE 

Optical  diagnostics  for  flow  control  on  small  wings 


FINAL 


6.  AUTHOR(S) 

Geoffrey  R  Spedding 


3.  DATES  COVERED  (From  -  To) 

7/1/15-6/30/16 


5a.  CONTRACT  NUMBER 


5b.  GRANT  NUMBER 

FA9550-15-1-0255 


5c.  PROGRAM  ELEMENT  NUMBER 


5d.  PROJECT  NUMBER 


5e.  TASK  NUMBER 


5f.  WORK  UNIT  NUMBER 


7.  PERFORMING  ORGANIZATION  NAME(S)  AND  ADDRESS(ES) 

University  of  Southern  California 
AME  Dept., 

University  Park,  Los  Angeles  CA  90089 


8.  PERFORMING  ORGANIZATION 
REPORT NUMBER 


9.  SPONSORING/MONITORING  AGENCY  NAME(S)  AND  ADDRESS(ES) 

Air  Force  Office  of  Scientific  Research  (Attn.  Doug  Smith) 

875  N  Randolph  St,  Suite  325,  Room  3112 
Arlington,  VA  22203 


10.  SPONSOR/MONITOR’S  ACRONYM(S) 

AFOSR 


11.  SPONSOR/MONITOR'S  REPORT 
NUMBER(S) 


12.  DISTRIBUTION/AVAILABILITY  STATEMENT 

DISTRIBUTION  A:  Distribution  approved  for  public  release. 


14.  ABSTRACT 

The  original  proposal  and  purpose  of  this  special  grant  were  to  replace  a  laser  that  had  suddenly  become  unfixable.  A  new,  dual-head  Nd:YAG 
laser  has  been  purchased,  installed,  and  heavily-used  in  essential  work.  Two  most  recent  investigations  concern  the  flow  over  a  complex 
wing-body-tail  geometry,  and  the  flow  over  a  simple,  standard  NACA  0012  airfoil  at  moderate  Re,  when  the  flow  properties  are  found  to  be 
responsible  for  very  surprising  force  balance  data,  including  negative  lift  at  positive  angle  of  attack.  These  are  quite  extensive  studies  and  sample 
data  only  are  given  in  this  report.  Full  details  will  be  published  and  given  in  formal  reports.  The  laser  has  done  exactly  what  we  had  planned,  and 
extensive  PIV-based  investigations  that  would  have  taken  months  can  now  be  done  in  one  week. 


15.  SUBJECT  TERMS 

Low  Reynolds  number  aerodynamics,  flow  stability  and  control,  PIV 


16.  SECURITY  CLASSIFICATION  OF: 

17.  LIMITATION  OF 

18.  NUMBER 

19a.  NAME  OF  RESPONSIBLE  PERSON 

a.  REPORT 

b.  ABSTRACT 

c.  THIS  PAGE 

ABSTRACT 

OF 

PAGES 

Geoffrey  Spedding 

u 

u 

u 

uu 

19b.  TELEPHONE  NUMBER  (Include  area  code) 

(213)  740  4132 

DISTRIBUTION  A:  Distribution  approved  for  public  releai 


Prescribed  by  ANSI  Std.  Z39.18 
Adobe  Professional  7.0 


INSTRUCTIONS  FOR  COMPLETING  SF  298 


1.  REPORT  DATE.  Full  publication  date,  including 
day,  month,  if  available.  Must  cite  at  least  the  year  and 
be  Year  2000  compliant,  e.g.  30-06-1 998;  xx-06-1 998; 
xx-xx-1998. 

2.  REPORT  TYPE.  State  the  type  of  report,  such  as 
final,  technical,  interim,  memorandum,  master's  thesis, 
progress,  quarterly,  research,  special,  group  study,  etc. 

3.  DATES  COVERED.  Indicate  the  time  during  which 
the  work  was  performed  and  the  report  was  written, 
e.g.,  Jun  1997  -  Jun  1998;  1-10  Jun  1996;  May-  Nov 
1998;  Nov  1998. 

4.  TITLE.  Enter  title  and  subtitle  with  volume  number 
and  part  number,  if  applicable.  On  classified 
documents,  enter  the  title  classification  in  parentheses. 

5a.  CONTRACT  NUMBER.  Enter  all  contract  numbers 
as  they  appear  in  the  report,  e.g.  F33615-86-C-5169. 

5b.  GRANT  NUMBER.  Enter  all  grant  numbers  as 
they  appear  in  the  report,  e.g.  AFOSR-82-1234. 

5c.  PROGRAM  ELEMENT  NUMBER.  Enter  all 
program  element  numbers  as  they  appear  in  the  report, 
e.g.  61 1 01  A. 

5d.  PROJECT  NUMBER.  Enter  all  project  numbers  as 
they  appear  in  the  report,  e.g.  1F665702D1257;  ILIR. 

5e.  TASK  NUMBER.  Enter  all  task  numbers  as  they 
appear  in  the  report,  e.g.  05;  RF0330201;  T4112. 

5f.  WORK  UNIT  NUMBER.  Enter  all  work  unit 
numbers  as  they  appear  in  the  report,  e.g.  001; 
AFAPL30480105. 

6.  AUTHOR(S).  Enter  name(s)  of  person(s) 
responsible  for  writing  the  report,  performing  the 
research,  or  credited  with  the  content  of  the  report.  The 
form  of  entry  is  the  last  name,  first  name,  middle  initial, 
and  additional  qualifiers  separated  by  commas,  e.g. 
Smith,  Richard,  J,  Jr. 

7.  PERFORMING  ORGANIZATION  NAME(S)  AND 
ADDRESS(ES).  Self-explanatory. 


8.  PERFORMING  ORGANIZATION  REPORT  NUMBER. 

Enter  all  unique  alphanumeric  report  numbers  assigned  by 
the  performing  organization,  e.g.  BRL-1234; 

AFW  L-TR-85-40 1 7-Vol-2 1  -PT-2. 

9.  SPONSORING/MONITORING  AGENCY  NAME(S) 
AND  ADDRESS(ES).  Enter  the  name  and  address  of  the 
organization(s)  financially  responsible  for  and  monitoring 
the  work. 

10.  SPONSOR/MONITOR'S  ACRONYM(S).  Enter,  if 
available,  e.g.  BRL,  ARDEC,  NADC. 

11.  SPONSOR/MONITOR’S  REPORT  NUMBER(S). 

Enter  report  number  as  assigned  by  the  sponsoring/ 
monitoring  agency,  if  available,  e.g.  BRL-TR-829;  -215. 

12.  DISTRIBUTION/AVAILABILITY  STATEMENT.  Use 

agency-mandated  availability  statements  to  indicate  the 
public  availability  or  distribution  limitations  of  the  report.  If 
additional  limitations/  restrictions  or  special  markings  are 
indicated,  follow  agency  authorization  procedures,  e.g. 
RD/FRD,  PROPIN,  ITAR,  etc.  Include  copyright 
information. 

13.  SUPPLEMENTARY  NOTES.  Enter  information  not 
included  elsewhere  such  as:  prepared  in  cooperation 
with;  translation  of;  report  supersedes;  old  edition  number, 
etc. 

14.  ABSTRACT.  A  brief  (approximately  200  words) 
factual  summary  of  the  most  significant  information. 

15.  SUBJECT  TERMS.  Key  words  or  phrases  identifying 
major  concepts  in  the  report. 

16.  SECURITY  CLASSIFICATION.  Enter  security 
classification  in  accordance  with  security  classification 
regulations,  e.g.  U,  C,  S,  etc.  If  this  form  contains 
classified  information,  stamp  classification  level  on  the  top 
and  bottom  of  this  page. 

17.  LIMITATION  OF  ABSTRACT.  This  block  must  be 
completed  to  assign  a  distribution  limitation  to  the  abstract. 
Enter  UU  (Unclassified  Unlimited)  or  SAR  (Same  as 
Report).  An  entry  in  this  block  is  necessary  if  the  abstract 
is  to  be  limited. 


DISTRIBUTION  A:  Distribution  approved  for  public  release. 


Standard  Form  298  Back  (Rev.  8/98) 


Optical  diagnostics  for  flow  control  on  small  wings 


FA9550-15-1-0255 
PI:  Geoffrey  R  Spedding 


Start:  7/1/2015 
End:  6/30/2016 


Abstract 

The  original  proposal  and  purpose  of  this  special  grant  were  to  replace  a  laser  that  had  suddenly  become 
unfixable.  A  new,  dual-head  Nd:YAG  laser  has  been  purchased,  installed,  and  heavily-used  in  essential 
work.  Two  most  recent  investigations  concern  the  flow  over  a  complex  wing-body-tail  geometry,  and  the 
flow  over  a  simple,  standard  NACA  0012  airfoil  at  moderate  Re,  when  the  flow  properties  are  found  to  be 
responsible  for  very  surprising  force  balance  data,  including  negative  lift  at  positive  angle  of  attack. 

These  are  quite  extensive  studies  and  sample  data  only  are  given  in  this  report.  Full  details  will  be 
published  and  given  in  formal  reports.  The  laser  has  done  exactly  what  we  had  planned,  and  extensive 
PIV-based  investigations  that  would  have  taken  months  can  now  be  done  in  one  week. 


DISTRIBUTION  A:  Distribution  approved  for  public  release. 


1 


Accomplishments 


1.  Laser  purchase  and  installation 

The  Quantel  laser  has  been  installed  and  was  operational  immediately.  Thanks  to  the  greatly  improved  beam 
stability  and  to  the  high  intensity  (as  compared  with  our  previous  laser,  which  had  nominally  similar  specifications), 
the  productivity  and  reliability  of  PIV-based  measurements  is  greatly  improved. 

Two  examples  are  given  below.  One  makes  use  of  the  high  reliability  to  make  complete  transects  with  no 
recalibration  in  a  complex  wing-body-tail  geometry,  and  the  second  uses  the  fine  spatial  resolution  to  further  our 
understanding  of  transitional  Reynolds  number  flows  over  wings,  as  discussed  in  the  proposal. 

2.  Wing-Body-Tail  study 

It  has  been  proposed  that  a  novel  wing-body-tail  combination  would  produce  a  complete  aircraft  of  significantly 
greater  aerodynamic  efficiency  than  current  common  configurations.  Strong  statements  require  strong  evidence  and 
so  we  have  been  testing  configurations  for  a  number  of  years  in  the  Dryden  Wind  Tunnel.  The  new  laser  system  has 
allowed  a  much  greater  efficiency  in  PIV-based  wake  surveys  that  are  quantitative,  and  from  which  drag  can  be 
estimated.  Two  sets  of  data  are  shown  in  Figs  1,2.  Each  single  point  comes  from  100  independent  vector  fields, 
repeated  over  6  experiments.  The  uncertainties  are  calculated  from  estimates  of  the  variance  over  all  experiments. 

The  variation  of  w(y)  is  reduced  over  the  fuselage  for  specific  angles  of  a  trailing  edge  flap,  which  we  term  a 
Kutta  Edge,  because  it  fixes  the  location  of  the  rear  stagnation  point.  Trimming  the  aircraft  in  this  way  increases  lift 
and  reduces  induced  drag.  Perhaps  not  coincidentally,  the  shape  resembles  somewhat  that  of  a  seabird. 

This  research  is  not  currently  supported  by  AFOSR,  but  if  we  have  an  opportunity  to  properly  explain  why  the 
mechanism  works  (as  opposed  to  simply  that  it  does),  we  may  apply  for  funding  in  future,  pending  sufficient  initial 
progress  on  the  more  practical  aspects. 
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Fig.  1  The  spanwise  downwash  distribution  for  lowest  total  drag,  0  =  -3° 
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Fig.  2  The  spanwise  downwash  distribution  for  highest  L/D,  0  =  0° 
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3.  Moderate  Re  wings 


Under  previous  AFOSR  support,  we  have  conducted  many  studies  on  acoustically  forced  transitions  in  marginally 
stable  boundary  layers.  In  principle,  manipulation  of  such  flows  would  allow  80%  improvements  in  LID,  and  we 
have  proposed  to  fold  some  of  these  techniques  into  a  flow  control  scheme,  where  the  flow  controller  is  optimised 
and  not  just  tested  empirically. 

Pending  funding  of  this  work,  we  have  continued  to  probe  sometimes  surprising  aerodynamic  characteristics  of 
small  wings.  Here  we  show  one  major  result,  which  is  currently  being  written  for  publication.  It  concerns  the  force 
coefficients  of  the  NACA  0012,  one  of  whose  main  traditional  advantages  is  the  mass  of  existing  data.  However, 
the  data  rapidly  diminishes  in  quantity  and  quality  as  Re  decreases.  At  Re  =  50k,  there  is  a  result  at  one  angle  of 
attack,  in  a  very  substantial  numerical  computation.  We  seek  to  (a)  understand  the  basic  physics  of  flight  at  these 
transitional  conditions,  and  (b)  provide  definitive  comparisons  with  the  single  available  Direct  Numerical 
Simulation. 


Fig.  3  Experimental  determination  of  the  surprising  Ci(a)  curve  for  the  NACA  0012  at  Re  =  50k. 
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The  result  is  extraordinary.  The  wing  develops  negative  lift  at  positive  angles  of  attack.  The  result  is  very 
repeatable  (note  error  bars  in  curve  of  Fig.  3).  Now  the  question  remains:  why? 

For  the  first  time,  we  have  obtained  accurate  and  reliable  flow  field  information  for  this  condition.  The  data  below 
are  preliminary. 


Average  Velocity  Ruction  Field  A'*raS‘  Velocity  Ruction  Held 


Fig.  4  The  upper  and  lower  boundary  layers  for  a=  0.5  deg. 

The  reason  for  the  negative  lift  at  a  =  0.5  deg  is  that  the  bottom  layer  boundary  layer  separates  later  than  the  top 
one.  At  small  a,  it  is  the  trailing  edge  separation  that  determines  the  aerodynamics,  and  not  the  presence  or  absence 
of  laminar  separation  bubbles.  The  data  in  Fig.  4  are  a  very  small  part  of  an  ongoing  investigation. 

4.  Conclusions 

We  have  purchased  the  Evergreen  200  PIV  laser  system,  made  by  Quantel.  The  system  is  performing  exactly  as 
planned  and  is  in  very  regular  use.  It  will  be  an  essential  component  in  any  future  AFOSR  funded  project,  the  first 
of  which  is  due  to  begin  September  2016. 
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